Olfactory Coding: Giant Inhibitory Neuron Governs Sparse Odor Codes  by Gupta, Nitin & Stopfer, Mark
Current Biology Vol 21 No 13
R504PLETHORA genes is at least partially
mediated by local changes in growth
patterns and mechanics. The meristem
of plt triple mutants is slightly smaller
than in the wild type [3] and members
of the PLETHORA clade have been
shown to control growth [20],
suggesting that PLETHORA genes
may modify growth and mechanical
forces within the meristem. Since
changes in mechanics can modify PIN1
polarity [16], and hence auxin
distribution, which in turn can modify
PIN1 expression level, the link
between PLT and PIN1 may be
indirect, despite the fact that
increased PIN1 transcript levels are
observed 4h after PLT5 activation [3].
Elucidating the mechanism
underlying PLT-mediated control of
phyllotaxis will be challenging and
likely depend on quantitative
descriptions and modeling of PLT
expression, PIN1 levels and
polarization, auxin distribution, growth
and mechanics.
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Neuron Governs Sparse Odor CodesElectrophysiological investigations in locusts have revealed that the
sparseness of odor representations, in the brain region expected to mediate
olfactory learning, is shaped by a unique inhibitory neuron.Nitin Gupta and Mark Stopfer
Brain mechanisms have evolved to
gather and organize sensory
information. This information does
not flow passively from the outer
environment through neural circuits,
coming to rest as memories or actions.
Rather, information is encoded,
processed, and dramatically
transformed inmyriadways as it travels
through the brain, providing multiple
advantages to the animal. For example,
in many species and brain areas,sensory stimuli elicit dense bursts of
action potentials from neurons in
peripheral structures, but sparser
firing in more central structures [1–3].
Working in the well-characterized
olfactory system of the locust,
Papadopoulou et al. [4] have recently
uncovered an influential new
participant in the process by which
neural representations become
more sparse — a singular, giant
GABAergic neuron that regulates
the output of tens of thousands of
cells.In the first olfactory processing
center of the locust, the antennal
lobe, any given odor elicits torrential
bursts of action potentials, arranged
in complex patterns, from a large
portion of the projection neurons
which transmit olfactory information
further downstream (Figure 1A). But,
in the mushroom body — an area
that immediately follows the antennal
lobe and participates in olfactory
learning — odors elicit very few
spikes in just a small fraction of the
50,000 intrinsic neurons, the Kenyon
cells. Thus, as information moves from
the antennal lobe to the mushroom
body, its coding format changes from
dense to sparse. Several neural
mechanisms contribute to establishing
and maintaining sparseness [5,6].
Within the antennal lobe, local circuitry
establishes an oscillatory rhythm that






















Figure 1. The giant GABAergic neuron (GGN) in the insect olfactory system.
(A) Odorants activate olfactory receptor neurons in the antenna (and other body parts). Their
axons drive projection neurons (PNs) and local neurons (LNs) in the antennal lobe. Projection
neurons tend to fire in oscillatory synchrony, a result of reciprocal excitatory and inhibitory
connections between projection neurons and local neurons. Projection neurons transmit
olfactory information to dendrites of the Kenyon cells (KCs) in the mushroom body, and to
the lateral horn region. There, inhibitory interneurons provide cyclic feed-forward inhibition
to the Kenyon cells. Axons of Kenyon cells send excitatory output to the a-lobe and the
b-lobe of the mushroom body. In the a-lobe, the solitary GGN receives input from all the
Kenyon cells and provides proportional inhibitory feedback to all the Kenyon cells in the calyx.
Another unique neuron, IG, inhibits — and is reciprocally inhibited by — GGN. (B) Depolarizing
GGN with current stimulation reduces firing in Kenyon cells (held depolarized with current
injection to elicit spikes), local field potential (LFP) oscillations in the mushroom body elicited
by odors (grey boxes), and odor-induced spikes in the b-lobe neurons (b-LN).
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synchronization becomes stronger as
odor concentrations increase [7].
Downstream, Kenyon cells have
relatively high thresholds and nonlinear
conductances that cause them to work
as coincidence detectors, responsive
only when driven by synchronized
excitation from multiple presynaptic
projection neurons [8]. And further,
a feed-forward mechanism driven by
projection neurons and mediated by
inhibitory neurons in the lateral horn
(Figure 1A) delivers oscillatory waves of
inhibition to the Kenyon cells. Because
these waves of inhibition, delayed by
following a lengthier pathway, lag
slightly behind the waves of excitation
originating directly from projection
neurons, the Kenyon cells, summing
both kinds of input, are left with brief
windows of time in each oscillatory
cycle when they can be depolarized
enough to fire [5]. In locusts and other
insects, Kenyon cells are nearly silent,
except when responding with just
one or two spikes to specific odors,
regardless of the odor concentration
[7,9].
It is not immediately clear how this
sparseness is maintained across
the large range of odor concentrations
an animal can encounter. As
concentrations increase, so does the
synchrony of inputs driving the Kenyon
cells [7]. Because Kenyon cells are
coincidence detectors, the sparseness
of their responses ought to break
down given more coincident input.
Yet, their responses remain sparse [7].
Feed-forward inhibition from the
lateral horn has been suggested to
help maintain this sparseness: a set
of computational models has shown
that, as synchrony increases, this
inhibition would progressively shorten
the cyclic windows of time during
which Kenyon cells can fire [10], and
adaptive regulation of the strength of
the projection neuron-Kenyon cell
synapse could contribute to
maintaining sparseness, too [11].
Recently, Papadopoulou et al. [4]
have demonstrated a powerful new
contributor to sparseness: a huge
GABA-immunoreactive neuron with
enormous, sweeping arborizations in
the input and the output areas of the
Kenyon cells within the mushroom
body. This cell was first spotted by
Leitch and Laurent [12] while analyzing
GABAergic processes in the locust,
but details of its connectivity and
function were unknown. Now,Papadopoulou et al. [4] report that
this giant GABAergic neuron (GGN)
receives direct, monosynaptic
excitatory input from Kenyon cells:
paired intracellular recordings showed
excitatory post-synaptic potentials
in GGN immediately following spikes
in all Kenyon cells tested. Indeed,
GGN appears to receive input from
every Kenyon cell. And, activating
GGN directly with current injections
reduced current-elicited firing in all
simultaneously recorded Kenyon cells
(Figure 1B); activating GGN indirectly
by extracellularly stimulating a group
of Kenyon cells had the same effect.
Thus, GGN appears to inhibit every
Kenyon cell. The authors showed that
the ability of Kenyon cells to generate
spikes varied with the extent to which
GGN was activated. This extent was
itself dependent on the net output
from Kenyon cells; the more the
Kenyon cells spiked, the more they
were inhibited by GGN. And, GGN
responded to all tested odors with
graded potentials that increased in
amplitude along with the concentration
of the odor. Thus, GGN appears to
provide the feedback needed to
regulate the output of Kenyon cells
as their input varies. A computationalmodel constructed by the authors
supported these conclusions.
Downstream from the Kenyon cells,
neurons in the b-lobe receive
convergent input from many Kenyon
cells. Papadopoulou et al. [4] found
that activating GGN by depolarizing it
with current injection nearly abolished
odor-induced spiking in the b-lobe
neurons; inactivating GGN by
hyperpolarizing it had the opposite
effect. Further, depolarizing GGN
reduced the amplitude of odor-elicited
local field potential (LFP) oscillations
(Figure 1B). These results show
that a single GGN can dial up and
down the olfactory responses of the
entire population of 50,000 Kenyon
cells.
While the Kenyon cells themselves
turn the dial, another uniquely powerful
neuron discovered by Papadopoulou
et al. [4] appears to regulate the dial’s
effectiveness. Spikes recorded in this
neuron coincided with discrete
inhibitory post-synaptic potentials in
GGN. Moreover, this inhibitory neuron
appeared to be reciprocally inhibited
by GGN, forming another feedback
loop, one apparently capable of
controlling the gain of theGGN–Kenyon
cell interaction. The authors speculate
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GGN’, may play a role in memory recall:
by regulating the firing threshold of
Kenyon cells, it could create a sliding
scale for the resolution of object
recognition. This feedback mechanism
could additionally help stabilize GGN’s
membrane potential.
The discovery of GGN’s powerful
effect on Kenyon cells will reshape our
understanding of olfactory coding in
higher brain regions. How it works in
the context of other sparsening
mechanisms, such as the feed-forward
inhibition pathway mediated by
the lateral horn, will be interesting
to determine [13]. Combinations of
feed-forward and feed-back inhibition
have been observed in the vertebrate
olfactory system: Stokes and
Isaacson [14] recently showed that
a feed-forward inhibition mechanism
acts immediately upon stimulus
onset, and a feed-back inhibition
mechanism contributes more slowly, in
slices of the piriform cortex, a brain
region in many ways analogous to the
invertebrate mushroom bodies. And, in
Drosophila, Papadopoulou et al. [4]
recorded from the APL, a neuron
similar in structure to GGN, andfound that the two neurons are
functionally equivalent. Thus,
global normalization mechanisms for
maintaining sparse olfactory codes
appear to be common. The relatively
simple nervous systems of insects
will no doubt continue to pave the
way for unraveling the evolutionarily
conserved mysteries of olfaction.References
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TRAPPWhen a coated transport vesicle docks with its target membrane, the coat
proteins and docking machinery must be released before the membranes can
fuse. A recent paper shows how this disassembly is triggered at precisely the
right time.Elizabeth Conibear
Transport vesicles are created when
coat proteins assemble on a flat
membrane, select cargo, and deform
the membrane into a bud. The budded
vesicle is then carried to its target
organelle, where it docks by means of
‘tethers’ before undergoing membrane
fusion. The vesicle coat was once
thought to fall off as soon as budding
was complete, but we now know the
coat is important for binding the
tethering factors that help the vesicle
identify the correct organelle. Coat
proteins and tethers must be removed
before fusion can take place, but what
triggers their disassembly has alwaysbeen a mystery. A paper recently
published inNature [1] now shows that,
when one kind of transport vesicle
docks with its target membrane,
it encounters a kinase that breaks
the bond between the coat proteins
and the tethers, kick-starting the
disassembly process.
To learn more about tethering, Lord
et al. [1] focused on the coat protein
complex II (COPII) coated vesicles that
transport proteins from the
endoplasmic reticulum (ER) to the
Golgi. Studies over the past 20 years
have given us a detailed picture of how
this process works [2]. Formation of
a COPII-coated vesicle begins with the
activation of the small GTP-bindingprotein Sar1, which associates with ER
membranes and recruits the Sec23/24
complex to form the inner layer of the
coat. Whereas Sar1–GTP interacts with
Sec23, Sec24 selects the cargo.
Subsequent assembly of the outer
subunits, Sec13/31, completes the
budding process. Once the vesicle is
released, Sar1 hydrolyses its bound
GTP and dissociates from the
membrane. However, thanks in part
to stabilizing interactions with
membrane-associated cargo
proteins, the rest of the coat does not
fall off right away.
Once the COPII vesicle reaches the
Golgi, it is recognized by two different
tethers—Uso1 and TRAPPI [3]. TRAPPI
is a multi-tasking, multisubunit
complex that acts not only as a tether,
but also as a guanine nucleotide
exchange factor (GEF) for the Rab
GTPase Ypt1 [4], whereas Uso1 (the
ortholog of mammalian p115) is a long
coiled-coil tether that binds Ypt1–GTP.
A few years ago, the Ferro-Novick
group discovered that the COPII coat
protein Sec23 binds directly to the Bet3
